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Abstract 
In this article I like to overview several important climate effects of aerosols that can change the earth’s radiation budget, cloud,
and also precipitation. There are still large uncertainties in evaluation of these effects by models and observation. I like to
propose recommendations for future works to reduce the large uncertainties. Especially a future important work is to improve 
fine resolution aerosol and cloud modeling and combined analysis of satellite and surface data. 
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1. Introduction 
Anthropogenic short-lived atmospheric constituents such as aerosols can make significant effects on the earth’s 
climate, especially in the Asian region with large aerosol emission sources, of which forcing is comparable to that of 
long-lived greenhouse gases but with opposite sign and different geographical distributions (e.g., Forster et al., 
2007). Recent studies have found that various climate effects of aerosols are possible. The aerosol direct effect is 
that aerosols directly scatter and absorb/emit radiation, through which the earthÿ s radiation budget can be 
modified. There are several evidences that the solar radiation at the earthÿs surface undergoes a significant long-
term trend in the last several decades, indicating a surface dimming effect in the polluted areas. At the same time, 
aerosols are found to cause various indirect effects to change the radiation budget, temperature, cloudiness, 
precipitation etc. A well known indirect effect is called the first indirect effect or Twomey effect (Twomey et al., 
1984) that causes an increase in the cloud optical thickness (COT) when aerosols act as cloud condensation nuclei 
(CCN) to increase the cloud droplet number and hence to decrease the effective cloud droplet radius (CDR) when 
the total liquid water path (LWP) of the cloud does not change. The secondary indirect effect or Albrecht effect 
(Albrecht, 1989) is also recognized as important because this effect significantly increases LWP and hence increases 
COT when aerosols reduce CDR to lower the precipitation efficiency of the cloud layer. Recent studies also show 
significant cloud and precipitation changes can be produced by aerosol indirect effects of various kinds (e.g., 
Rosenfeld, 2000; Chung and Ramanathan, 2007; Mukai et al., 2008). 
In this study we like to overview these various mechanisms from view point of modeling and observation. Issues 
are: what are the optical properties of aerosols; what is the role of CCN in the cloud formation process in different 
regions; how greenhouse gases and aerosols can compete to change the surface temperature and cause a secondary 
general circulation to produce a precipitation change on global scale. 
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2. Aerosol characteristics and direct radioactive forcing 
Global dimming and brightening phenomena have been studied using data of surface radiation networks (Wild et 
al., 2005; Che et al., 2005; Qian et al., 2006). These studies showed that the surface solar radiation is increasing in 
the European region, while the Asian region still suffers a decrease in the surface solar radiation due to increasing 
anthropogenic aerosols. Future trend of anthropogenic aerosol change depends on the future economical growth and 
actions for reducing air pollution in this region. Surface pyranometer and pyrheliometer networks of 
GEWEX/BSRN and of each country, especially that of Chinese Meteorological Administration covering a large 
area, are useful for long-term monitoring of the surface radiation flux and equivalent aerosol optical thickness 
(AOT) for several decades. These data are combined with satellite remote sensing, such as NOAA AVHRR and 
EOS MODIS, for depicting prevailing aerosol plumes over Asian regions. 
One of important parameters for determining surface and TOA(the top of the atmosphere) radiation budget is the 
single scattering albedo, SSA, defined as the ratio between scattering and extinction cross sections. The SSA value 
is strongly controlled by the black carbon content of aerosols. Also mineral dust particles are predominant in the 
springtime to affect the value of SSA in the East Asian region. Hence the aerosol optical properties in this region are 
very complicated (Clarke et al., 2004). In order to elucidate the optical and radiative properties of Asian aerosols, 
large scale comprehensive regional experiments have been performed: INDOEX, ACE-Asia, APEX, ABC-EAREX 
& APMEX, EAST-AIRE, Pearl River Delta Experiment, and others. Nakajima et al. (2007) showed that the 
radiative efficiency factor, defined as 嘽= -F/ª500 where F is the 24 hour solar radiative forcing of aerosol and 
ª500 is the AOT at wavelength of 500nm, can reach a value as large as 100 in the case of Asian dust events, which 
is very large compared with a mean value around 70 as reported by many other studies (Nakajima et al., 2007). They 
showed such large forcing efficiency can be produced when soot particles adhere on the surface of coarse mineral 
dust particles. Another possibility for such a large -value is that mineral dust particles themselves are highly 
absorbing as suggested by several past studies (Sokolik and Toon, 1999; Aoki et al., 2005). 
In spite of these past studies, we still need to improve our model to relate aerosol chemical characteristics with 
their AOT, SSA, asymmetry parameter which is the first angular moment of the scattering phase function, and 
radiative efficiency factor. A simple internal and external homogeneous mixture seems to be not a good 
approximation. A recent study showed that black carbon particles evolve into larger particles with time during 
transportation (Moteki et al., 2007). 
3. Cloud field perturbation and possible climate effects 
It has been a common recognition that direct and indirect effects of aerosols at TOA reduce the available solar 
energy and significantly offset the global warming by increasing greenhouse gas concentration. On the other hand, it 
is still needed to study how the regional climate is perturbed by aerosols. Past studies have shown that there is a 
long-term trend in the cloud amount over China (Kaiser et al., 2002). Several reasons are possible for this regional 
cloud change. Global warming phenomenon can cause a change in the global circulation and land-ocean temperature 
gradient causing a change in Monsoon circulation. Change in the land use and vegetation distribution can cause 
perturbation to the soil moisture and vertical atmospheric stability. From these mechanisms a significant change in 
the cloud amount is expected. 
Along with these effects, anthropogenic aerosols can generate a large scale circulation change and hence cloud 
amount change as discussed by Mukai et al. (2007). They found observed trend of cloud amount change over China 
can be explained by competing effects of greenhouse gas effect and aerosol effect. The latter effect can be further 
divided into two mechanisms: One is a change of local cloudiness by regional direct and indirect aerosol forcing. 
Direct forcing cools the surface of the region and hence the atmospheric stability is changed. At the same time, 
aerosols act as CCN to increase the cloud amount through the secondary indirect effect which increases the cloud 
lifetime. The second effect is that the large scale general circulation is changed when the surface of the region is 
cooled by aerosols through direct and indirect surface forcing. Figure 1 illustrate these effects. Simulations by a 
general circulation model, which is coupled with a mixed-layer ocean model, suggested that cloud and precipitation 
can be changed even over tropical region (Takemura et al., 2005; Mukai et al., 2007). And the simulation results 
also showed that the dominant mechanism for the change in China is different in northern part, eastern part, and 
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southern part of China as shown in Figure 2. So the interpretation of the observed change of cloud amounts for low, 
middle, and high level clouds is very complicated and we need more validation study. 
Useful data for validation are distributions of AOT, COT, CDR, and LWP from satellite remote sensing (e.g., 
Kawamoto et al., 2004). It should be recognized, however, that the existing satellite data analyses showed a large 
variety in the dependence of the cloud parameters on the aerosol index (Nakajima and Schultz, 2008). It is, 
therefore, we also need more elaboration of satellite data analysis. 
4. Conclusions and Recommendation for future tasks 
The following conclusions and recommendations are drawn from this study: 
(1) Aerosols have many pathways to change the regional climate. Our understanding level of each process is not high. 
(2) One of important aerosol effects is an indirect effect through change in the earth’s surface temperature and general 
circulation. 
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(3) Observed long-term trend of regional geophysical parameters (cloud amount, cloud properties, precipitation, and so on) 
needs to be interpreted as the total effect of global warming, aerosol effect and others. It is, therefore, we need comprehensive
and careful model simulations and data analysis to understand the change. 
In order to overcome the above-listed problems, the following works have to be done: 
(a) Physical and chemical modeling of aerosol properties and radiative effect must be improved. Such improvements should 
be supported by more measurements and laboratory experiments. 
(b) Regional and global simulations making use of non-hydrostatic meso-scale models are needed to understand the 
mechanism of the regional climate change. In this regard, models have to be improved for better simulation of cloud formation 
process and aerosol-cloud interaction process. Especially deep cloud modeling is important. 
(c) Collaboration and coordinated effort are needed for improving Asian networks of aerosol, cloud, and radiation 
measurements. Data exchange and collaboration for data analyses are very important, because comprehensive analyses need 
efforts by researchers in different fields, i.e., atmospheric dynamics, physics, and chemistry.  
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